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EXECUTIVE SUMMARY
The US150 Bridge over Beech Fork River located in Nelson County, KY, is a five-span
(65’-90-90’-90’-65’ or 20-27-27-27-20 m) bridge, while the bridge over Cartwright Creek
located on the border of Washington-Nelson County, KY, is a three-span (65’-90-65’ or 20-2720 m) bridge. These bridges, constructed in 1955, are made of reinforced concrete and have
continuous deck-girders.
In each bridge, diagonal cracks have developed in the four supporting girders in each
span near or at the transition of the variable-and-constant depth regions, resulting in a total of 32
crack regions in the Beech Fork bridge and 16 crack regions in the Cartwright bridge. Preconstruction monitoring of crack movement and/or propagation was carried out, concurrently
with planning and design of retrofit measure.
In this project, steel fiber reinforced polymer (SFRP) sheets were selected as the means
of retrofit due to their strength and stiffness, and conformability and flexibility. The retrofit
required the use of specially mixed epoxy in attaching the SFRP sheets to concrete, which allows
for quick construction. The 12x-12 HardwireTM SFRP sheets were applied to the vertical and
bottom faces of the concrete girders in all 32 cracked locations. Construction of the retrofit
measure was completed in May of 2007.
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1 INTRODUCTION
1.1

REPAIRED BRIDGES ON US150

The US150 (Springfield-Bardstown Road) Bridge over Beech Fork River (hereafter
referred to as the “Beech Fork Bridge”) and the bridge over Cartwright Creek (hereafter referred
to as the “Cartwright Bridge”) are located in Nelson County (or near the county line separating
Nelson and Washington Counties), KY. The Bridges were completed in 1955, and are still in
service after some forty years.
The Bridges are constructed of reinforced concrete and are of continuous deck-girder
type. Beech Fork Bridge is a five-span bridge, with spans of 65-90-90-90-65 ft (20-27-27-27-20
m) as shown in Fig. 1.1, with a skew angle of 15 degrees. The Cartwright Bridge is a three-span
bridge, with spans of 65-90-65 ft (20-27-20 m) as shown in Fig. 1.2, also with a skew angle of 15
degrees.
65’-0”

SPAN 1

90’-0”

90’-0”

90’-0”

SPAN 2

SPAN 3

SPAN 4

65’-0”

SPAN 5

ABUT 1

ABUT 2
PIER 1

PIER 2

PIER 3

PIER 4

Fig. 1.1 – The US150 Bridge over Beech Fork River in Nelson County, KY.
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The deck of the superstructure in both bridges are supported by four concrete girders (Fig.
1.3) of variable-and-constant depth (Figs. 1.1 and 1.2). The variable-depth regions extend
approximately 25 feet (7,620 mm) from both sides of the centerline of each bridge pier; the
remaining regions are of constant-depth. Consequently, the depth of the girders (i.e., T-shaped)
varies from a minimum (constant-depth) of 4 feet-0 inches (1,220 mm) to a maximum of 8 feet-0
inches (2,440 mm) near the supporting piers. Piers 3 and 4 of the Beech Fork Bridge and Piers 1
and 2 of the Cartwright Bridge are usually submerged at average water-level season. During
high water-level or flood season, all piers and part of the girders could be submerged.
65’-0”
SPAN 1

ABUT 1

90’-0”
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65’-0”
SPAN 3

PIER 1

PIER 2

ABUT 2

Fig. 1.2 – The US150 Bridge over Cartwright Creek in Washington-Nelson County, KY.
35’-6”
3’-9”

14’-0”
Diaphragm

14’-0”
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Fig. 1.3 – Cross section view of the US 150 Bridges.
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Fig. 1.4 shows pictures of the cracked, reinforced concrete girders of the Bridge; it is
presumed that the diagonal crack started at the soffit and extended up through the entire depth.
Upon closer examination, it is determined that cracks have developed at or near all transition
zones of the variable-and-constant regions; there is a total of 32 crack zones in all four girders in
all five spans.

(a)

(b)

Fig. 1.4 – The reinforced concrete girders of the Bridge exhibiting diagonal cracking.

1.2

OBJECTIVE AND SCOPE

Cracking may result in aesthetic or appearance concerns. Of greater concern however is
that the cracks will accelerate the corrosion of reinforcing steel and the deterioration of concrete,
which could then lead to reduced durability of the structures or structural elements, and
ultimately failure or loss of serviceability of the structure in question.
The objective of this project was to repair the concrete girders such that the cracks will be
deterred from growing or propagating further. The selection of the repair technique and material
hinged on two important factors: (1) how quickly the repair could be carried out and (2) how
easily, once the cracks have been repaired and filled, the external reinforcing (i.e., material)
could be applied.
The scope of the project, as detailed in this report, includes:



Pre-construction monitoring, planning and design of the retrofit measure
Execution or construction of the retrofit measure
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2 PRE-CONSTRUCTION MONITORING, PLANNING AND DESIGN
This chapter details the pre-construction phase of the retrofit measure that begins with
pre-construction monitoring of crack movement and/or propagation, and then follows
subsequently with planning and design of the retrofit measure.
2.1

PRE-CONSTRUCTION MONITORING

Crack gauges were installed to monitor movement and/or propagation of cracks;
concurrent with planning and design of the retrofit measure. In this task, an Avongard Crack
Monitor, as shown in Fig. 2.1, is used. The approximate dimensions of the crack monitor in-use
are shown in the figure.
The crack monitor is constructed of two pieces of acrylic plates: a bottom plate that has
an opaque black grid (in millimeters) marker, and a top plate that has an overlay crosshair
marker on clear acrylic. The application of the crack monitor involves attaching the bottom plate
to the structure (e.g., concrete, brick or masonry) on one side of the crack, followed by attaching
the top plate on the other side of the crack. The crack monitor is an effective means of
monitoring crack movement, as the sides displace in relation to one another if the crack moves.
Top plate, which is transparent,
with crosshair maker

Bottom plate, which is opaque,
with grid maker

1.25 in
(32 mm)

6 in (150 mm)

Fig. 2.1 – Crack gauge for monitoring movement.

The crack monitor is usually installed with screws (screw holes are depicted in the figure)
or epoxy. In the pre-construction phase of this project, however, the crack monitors were affixed
temporarily on to the structure using self-adhesive tape, as shown in Fig. 2.2 (i.e., for one of the
cracked girders shown in Fig. 1.4.a). The crack monitors were removed just prior to the
beginning of the retrofit. Due to the limited access to the bottom of the bridge as it spans over a
waterway, only a few crack regions of the 32 total were instrumented with crack monitors.
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Fig. 2.2 – Crack monitoring on a girder (for cracked girder shown in Fig. 1.4.a).
2.2

PLANNING AND DESIGN OF RETROFIT MEASURE

The situation dictates that a quick and efficient retrofit system be used. Of great concern
is the rigidity of the damaged girders, as cracks were visibly seen developing through most of the
full depth of the girders. In this project, steel fiber reinforced polymer (SFRP) sheets were
selected as the reinforcing material because the individual steel wires offer stiffness (E = 30 x
106 psi or 200 GPa) equaling that of conventional steel.
A typical SFRP sheet is woven from strands or wires of high-strength steel. Depending
on the strength and stiffness requirement, several types of SFRP sheets with different density of
steel strands or wires are available. For this project, 12x-12 (i.e., twelve steel wires per inch of a
typical 12-inch wire sheet/tape) HardwireTM (2007) tapes were used. 12x-12 SFRPs have the
characteristics of high tensile strain, excellent conformability due to flexibility, and bond-abillity;
making them suitable for retrofit projects. Some physical and mechanical properties of 12x wire
and 12x-12 SFRP sheets are presented in Table 2.1:
Table 2.1 – Physical and mechanical properties of 12x wire and 12x-12 SFRP sheet
(Hardwire, 2007).
Properties of 12x wire and 12x-12 (12-inch width) SFRP sheet
Wire area
(in2)

Sheet
thickness
(in)

Sheet
weight
(lb/ft2)

0.000642

0.048

0.32

Tensile strength
Wire
Sheet
(lbs)
(lbs/in)
281

3,372
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Elastic modulus
Wire
Sheet
(psi)
(psi)
30 x 106

5.2 x 106

Volume
Wire
Resin
(%)
(%)
16

84

In this project, SFRP sheets were attached to the two vertical sides and to the soffit of the
reinforced concrete girders where cracks had formed. A total of 32 crack regions were
discovered. Fig. 2.3 pin-points the cracked and ultimately-repaired regions of the bridge.
Schematics of the repair are presented in Fig. 2.4. Rather than applying a continuous and long
sheet of SFRP in the construction, splicing was employed (Fig. 2.5). Splicing was only used at
least 24 inches away from where cracks were found.
Crack regions

65’-0”

SPAN 1

90’-0”

90’-0”

90’-0”

SPAN 2

SPAN 3

SPAN 4

65’-0”

SPAN 5

ABUT 1

ABUT 2
PIER 1

≈ 18’

PIER 2

PIER 3

PIER 4
≈ 25’

Fig. 2.3 – Cracked and/or repaired regions of the bridge.
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35’-6”
3’-9”

14’-0”
Diaphragm

14’-0”
C.L. of bridge

3’-9”
7” slab

24”

varies

SFRP sheets to the
sides and bottom

20”
8’-10”

See (b)

4’-5”

4’-5”

8’-10”

(a)

7”
3”
3’-2”
Beginning of constant
depth region
10’ min

Crack gauge

2”
1’-8”

12”

One sheet is also placed on
the other face of the web

12”

2”

Bottom sheet to be
placed first

10’ min

(Projected length)

(b)
90’ Length of interior spans (typ.)
25’

40’

25’

Variable depth

Constant depth

Variable depth

10’ min

40’

10’ min

60’ min
Length of steel wire sheets

C.L. of pier

C.L. of pier

(c)
Fig. 2.4 – Repair of reinforced concrete girder using SFRP sheets: (a) cross sectional view;
(b) 3-D view; and (c) profile/elevation view.
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Slab
Haunch
Web

6” min

Measured from crack location
closest to the splice

6” min

12-in wide sheet

24” min

Crack region

24” min

Splice

Splice

Fig. 2.5 – Splicing of SFRP sheets.
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3 BRIDGE REHABILITATION
Most of the spans are over a waterway (i.e., the Beech Fork River or Cartwright Creek).
Soil condition at the site is soft even when it is dry, making erection of scaffolding from the
ground-up improbable. Therefore, the construction of the retrofit measure was possible using
scaffolding that hangs from sides of the bridge (Fig. 3.1). As depicted, the scaffolding is
completely adjustable and moveable along a bridge span between two piers; the scaffolding can
be disassembled, moved, and reassembled at another span as needed.

Fig. 3.1 – Adjustable and movable scaffolding that hangs from the sides of the bridge.
Before the retrofit measure can take place, existing cracks on the girders were repaired
and filled. The sections that follow describe the crack repair process and the subsequent
application or execution of the retrofit measure.
3.1

CRACK REPAIR

Existing cracks were filled with high strength epoxies. Crack repair is a delicate endeavor
that requires skill and precision. Fig. 3.2 shows the placement of crack injection ports along a
crack. Once the ports along a crack have been secured, the crack was then covered with a high
strength structural epoxy (Fig. 3.3). The covering of a crack does not really fill the crack to its
core; it is required, however, to prevent crack filler/material from being forced out before it
reaches the crack’s core. Fig. 3.4 shows the sealed crack; the same figure also shows two
injection ports that are allowed to ‘breath’ – the tip of the injection ports is not sealed.

9

Injection port

Fig. 3.2 – Placement of injection ports.

Fig. 3.3 – Sealing of a crack.

Fig. 3.4 – Sealed crack.
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Fig. 3.5 shows the injection process being applied at the bottom of a concrete girder.
Once the crack is properly filled at one port, indicated by excess epoxy being forced out from the
adjoining injection port, the injection port is sealed off and the injection continued from the next
port. Fig. 3.6 shows the closed crack injection ports following the low viscosity crack filling
epoxy injection.

Fig. 3.5 – A crack at the bottom side of a concrete girder is being repaired.
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Fig. 3.6 – Crack after completing epoxy injection.

3.2

BRIDGE REPAIR USING STEEL FIBER REINFORCED POLYMER

Prior to application of the retrofit measure, the affected surfaces of concrete girders must
be prepared. Therefore, the execution of the retrofit design, as described in Chapter 2, involves
the following steps: (1) surface preparation and (2) application of the steel fiber reinforced
polymer (SFRP) sheets to the reinforced concrete girders.
3.2.1

Surface Preparation

Surface preparation ensures the cleanliness and soundness of the affected areas where
bonding is critical. The affected areas of selected girders were ground and cleaned to remove all
loose concrete particles, debris, and other contaminants that would have affected the bond
between the SFRP sheets and the concrete substrate. It should be noted that this process is also
applied to crack region, after the filler material has cured.
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3.2.2

SFRP Application

The application of SFRP sheets involved the following steps: (1) apply a specially mixed
epoxy onto the concrete with a trowel or spatula to a specified thickness (Fig. 3.7), (2) place a
SFRP sheet to the affected concrete surfaces (Fig. 3.8); (3) press the SFRP sheet using a hardroller (Fig. 3.9) until the epoxy is completely forced out on both sides and fully saturates the
SFRP sheet on the outside (i.e., epoxy is expected to seep through the SFRP mesh); and (4) apply
a specially mixed protective coating onto the SFRP sheet. In this project only one ply of the
SFRP sheet is applied onto the two vertical and bottom sides of the reinforced concrete girders as
described in Chapter 2.

Fig. 3.7 – A coat of epoxy resin is being applied to the concrete surface using a trowel.
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Fig. 3.8 – Attaching a ply of SFRP sheet to the concrete surface.

Fig. 3.9 – A hard roller is used to press the SFRP sheet against the epoxy.
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4 SUMMARY AND CONCLUSION
This report presents the work carried out for the retrofitting of the US150 Bridge over
Beech Fork Creek in Nelson County, KY. The details include the pre-construction monitoring,
planning and design, construction of the retrofit measure, and post-construction work.
Pre-construction monitoring was performed on crack regions of selected reinforced
concrete girders of the bridge, while planning and design of the retrofit measured was underway
concurrently. Steel fiber reinforced polymer (SFRP) sheets were selected as the choice of
retrofit material due to their strength and stiffness, conformability, and flexibility. The
advantage of SFRP over traditional means, such as steel plate bonding, is in its weight and ease
of handling during construction. A total of 32 crack regions were identified in this five-span
bridge, where diagonal cracks occurred near or at the transition of the variable-and-constant
depth regions.
Prior to the application of SFRP sheets, the affected concrete surfaces were prepared to
ensure a clean and solid area for bonding. A high strength adhesive, especially designed for use
with SFRP, was used for the selected SFRP 12x-12 HardwireTM sheets.
Construction was completed in May 2007. Crack monitors were installed in the interior
spans (Spans 2, 3, and 4) of the bridge to ensure the effectiveness of the retrofit. The monitoring
continued for three years, ending in May of 2010.
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